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T h i s   r e p o r t   d e s c r i b e s   t h e   f a b r i c a t i o n   p r o c e s s   d e v e l o p e d   f o r   s o l i d  

state rad iog raph ic   image   t r ansduce r s   ca l l ed   r ad iog raph ic   ampl i f i e r  

s c reen  (RAS) pane l s .  The screens   cons is ted   o f   a ,photoconduct ive   and  

e l ec t ro luminescen t  (PC-EL) layer  sandwiched  between two e l e c t r o d e s .  

Three of these exper imenta l  RAS pane l s  were made  by u s i n g   g l a s s   s u b -  

strates and  one w a s  made by  using a b e r y l l i u m   s u b s t r a t e .  The dimensions 

of the   g l a s s   pane l s   r anged   f rom  10  by 10 inches  (25.4 by 25.4 cm) t o  

8 by 10   i nches  (20.3 by 25.4 cm). The bery l l ium  pane l  w a s  3 by 3 i nches  

(7.6  by  7.6 c m ) .  

The RAS pane l s  were deve loped   fo r   u se   i n   nondes t ruc t ive   eva lua t ion  

(NDE) opera t ions   r equ i r ing   l a rge   fo rma t   (ove r  500 sq  cm)  r ad iog raph ic  

images   w i th   con t r a s t   and   r e so lu t ion   capab i l i t i e s   unava i l ab le   w i th  

conven t iona l   f l uo roscop ic   s c reens .  The work r epor t ed   he re in  was 

d i rec ted   toward  RAS pane l s   u sab le   fo r   i n -mot ion ,   on - l ine   r ad iog raph ic  

i n s p e c t i o n  by means  of c l o s e d - c i r c u i t   t e l e v i s i o n .  

The t r a n s f e r   c h a r a c t e r i s t i c s   f o r   t h e   e x p e r i m e n t a l  RAS pane l s  

produced i n   t h i s   c o n t r a c t u a l   e f f o r t  are given i n  this r e p o r t .  The ob- 

jectives and  consequently  the  method of f a b r i c a t i o n  were somewhat 

d i f f e r e n t   f r o m   t h o s e   r e p o r t e d   u n d e r  a previous  NASA Marshall   Space 

F l i g h t   C e n t e r   c o n t r a c t .  It w a s  r e q u i r e d   t h a t  faster response ,   h igher  

r e s o l u t i o n   s c r e e n s   b e   e x p l o r e d .   I n   a d d i t i o n ,  i t  was r e q u i r e d   t h a t  

t h e   p o s s i b i l i t y  of   using a be ry l l i um  subs t r a t e   be   exp lo red   t o   improve  
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r e sponse   t o   l onge r  X-ray wavelengths.  

The requi rements  set f o r t h  by t h e   c o n t r a c t  were m e t  by t h e  de- 

l i v e r e d   g l a s s   s u b s t r a t e   p a n e l s   e x c e p t   t h a t   t h e   r e s o l u t i o n  was lower: 

300 i n s t e a d   o f   t h e   t a r g e t e d  500 l i n e s   p e r   i n c h .  The beryl l ium  sub-  

strate p resen ted  some problems.  These  problems were p r i n c i p a l l y   d u e  

t o   s e r i o u s   n o n u n i f o r m i t i e s   i n   t h e   t h i n   f i l m  of be ry l l i um  ox ide   cove r ing  

t h e   s u r f a c e .  

v i  



1. INTRODUCTION 

This  work was u n d e r t a k e n   i n   o r d e r   t o   p r o v i d e   r a d i o g r a p h i c  image 

t r ansduce r s   su i t ab le   fo r   nondes t ruc t ive   eva lua t ion   pu rposes .   These  

t r ansduce r s  are u s u a l l y   i n t e r f a c e d   w i t h   c l o s e d   c i r c u i t   t e l e v i s i o n  

sys t ems   t o   p rov ide  a safe ,   convenient   in -mot ion ,   on- l ine   inspec t ion  

method.  Current  methods  used i n   i n d u s t r y   a n d   m e d i c i n e   u t i l i z e   v a r i o u s  

types   o f   f l uo roscop ic   s c reens .  The image t r ansduce r s   deve loped   i n  

t h i s   e f f o r t  are d i f f e r e n t   f r o m   c o n v e n t i o n a l   f l u o r o s c o p i c   d e v i c e s   i n  

t h a t   t h e y   p r o v i d e   h i g h e r   c o n t r a s t ,   h i g h e r   b r i g h t n e s s ,   a n d / o r   h i g h e r  

r e s o l u t i o n .  

I n   t h i s   r e p o r t   t h e   f a b r i c a t i o n   p r o c e s s e s   a n d   c h a r a c t e r i s t i c s  

o f   r ad iog raph ic   ampl i f i e r   s c reens  ( M S )  w i l l  be   descr ibed ,   which  

were made on c o n t r a c t  NAS3-19902 from November 13,   1975  to  May 1 2 ,  1976. 

The development   work  of   such  radiographic   amplif ier   screens was 

made previous ly   under   the   suppor t   o f   the   Marsha l l   Space   F l igh t   Center  - 

NASA.1-3 I n   t h e   p r e s e n t  work  program t h e   g o a l  was t o   f a b r i c a t e   f o u r  

8" x 10" s i z e   a m p l i f i e r   s c r e e n s   w i t h  somewhat d i f f e r e n t   c h a r a c t e r i s t i c s  

than   those  made f o r   t h e  MSFC. 

The  work  on t h i s  program w a s  performed a t  the  West inghouse 

Research   Labora tor ies ,   P i t t sburgh ,   Pa .  by D. Lekse l l   and  2. Szepes i  as 

p r inc ipa l   i nves t iga to r .   Manage r i a l   supe rv i s ion  was provided  by F. T. 

Thompson, T. P.  Brody  and D. H. Davies. 
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2. OBJECTIVES AND RESULTS 

The c h a r a c t e r i s t i c s  aimed to   be  approached  by  those of t h e  

d e l i v e r e d   f o u r   a m p l i f i e r   s c r e e n s  are l i s t e d   i n   T a b l e  I. 

ITEM NO. CHARACTERISTICS  OBJECTIVES UNITS 
I I 
I I 

Output  spectrum 500 - 600 nm 

Outpu t   b r igh tness  1om3--1 fL 

1, -. 
I i 

4 I Driv ing   vo l tage  I 100 - 200 1 Vol ts  
I 

5 Hz 50 - 1000 Driving  frequency 

6 

R/ in  500 Resolut ion 7 

mA/in2 a t  60 Hz 5 Max. c u r r e n t  

Min. d e t e c t a b l e   r a d i a t i o n  20 mR/min o r   h i g h e r  
a t  70 kV 

9 6 C o n t r a s t   ( g a m a )  

10 

sec 0 .1  Decay time cons tan t  11 

sec 0 .1  Rise time cons   t an t  

* - - 

TABLE I. GOAL CHARACTERISTICS OF RRS-s 

The d e l i v e r e d   s c r e e n s  m e t  t he   ob jec t ives   unde r  i t e m  Nos. 2 t o  

6. 

The r e s o l u t i o n   ( i t e m  No. 7) of t he   pane l s  was n o t  much h i g h e r  

than  300 R/in.  

The minimum d e t e c t a b l e   r a d i a t i o n  (8) wi th   one   sc reen  (RAS-1648) 

w a s  about  20 mR/min, w i t h   t h e   o t h e r s  w a s  somewhat h igher ,  up t o  200 mR/min. 

2 



The s p e c i f i c a t i o n   f o r  maximum c o n t r a s t  (9) was m e t  by two 

screens (RAS-1542 and  1626)   with  reasonably low d r iv ing   vo l t age   and   h ighe r  

than  100 Hz dr iv ing   f requency .  

The rise and  decay t i m e  constants   (10  and  11)   of  the s c r e e n s  

depend  on  the  x-ray  intensity.   With  high  enough  intensity  the  response 

time was less than  0 .1  sec so  t h a t   t h e   a m p l i f i e r  screens can be  used  with 

a few msec p u l s e d   e x c i t a t i o n ,   r e q u i r i n g   a b o u t   t h e  same dose as  w i t h  a 

l o n g e r   e x c i t a t i o n .  However, the  decay t i m e  cons tan ts  were somewhat h i g h e r  

t h a n   0 . 1  sec. The f a s t e s t   p a n e l s  were: RAS-1542,  RAS-1626 and RAS-1666. 

S i n c e   t h e   g l a s s   s u b s t r a t e   a b s o r b s   a p p r e c i a b l y   t h e  low energy 

x-ray  photons  below 20 keV, t o   s a t i s f y   t h e   f i r s t  item, one  radiographic  

a m p l i f i e r   s c r e e n   h a d   t o   b e   f a b r i c a t e d   o n   b e r y l l i u m   s u b s t r a t e .  A number 

of   experimental   panels  were made on Be, b u t   t h e   l i m i t e d   e f f o r t  was n o t  

enough t o   s o l v e   t h e   p r o b l e m s   p r e s e n t e d   i n   t h i s   c o n s t r u c t i o n .  The main 

problem  here  w a s  the  non-uniformity  of   the B e  su r f ace .   S ince   t he  B e  

o x i d i z e s   e a s i l y , .  a t h i n   f i l m   o f  Be0 covers   the  surface.   This   would  not  

present  any d i f f i c u l t y ,   i f  i t  would  be  thick enough  and  uniform. But 

probably i t  is  very   th in   and   has  a l a r g e  number of weak s p o t s .  It was 

Suspec ted   t ha t   t he  CdC12 doping ,   conta ined   in   cne  pc powder,  attacks  the 

B e  through  the weak s p o t s   o f   t h e   o x i d e   c o a t i n g .   T h e r e f o r e   i n   o n e   e x p e r i -  

ment L i C l  was s u b s t i t u t e d   f o r   t h e  CdC12, however i t  gave much s t r o n g e r  

r e a c t i o n   w i t h   t h e  Be than   t he  CdC12 doped l aye r .   Heav ie r  metal c h l o r i d e s  

probably  could  have  weaker   react ion.  

Three  methods were t r i e d   f i r s t  t o  i m p r o v e   t h e   s u r f a c e   s t r u c t u r e  

of   the  Be p l a t e :  

3 



1. Acid   e tch ing  

2.  Pass iva t ion   of   the   sur face ,   p roposed   by   the   manufac turer  of 

t h e  Be  p l a t e s  : Kawecki-Berylco I n d u s t r i e s .  

3. Spu t t e r ing   an  A1203 f i l m   t o   t h e  Be p l a t e .  

The las t  method  gave   the   bes t   resu l t s .  The d e l i v e r e d  RAS-1656 was 

made by t h i s  method. However, t h i s   s c r e e n  s t i l l  shows Some s p o t t i n e s s ,  

p robably   due   to   the   th inness  of t h e  A1203 f i l m .  It  i s  hoped t h a t  

t h i c k e r  Al 0 coa t ing  would e l i m i n a t e   t h e   d i s t u r b i n g   s t r u c t u r e .  2 '  

Beside  the B e  s u b s t r a t e   p a n e l ,   f o u r  RAS-s on g l a s s   s u b s t r a t e s  

were de l ive red .   Tab le  I1 g ives   t he  l i s t  o f   t he   de l ive red  RAS-s w i t h  

t h e i r  maximum v o l t a g e   r a t i n g s .   F i g u r e s  3 t o  6 show the   t r ans fe r   cha r -  

acteristics of  these  panels  measured  with  the optimum d r i v i n g   v o l t a g e  

and  f requency  for  good ga in .  With higher   f requency,   the  gain  does  not  

change much, however h i g h e r   b r i g h t n e s s  i s  ob ta ined   w i th   h ighe r   i npu t  

i n t e n s i t y   a n d   t h e   c o n t r a s t   i n c r e a s e s .  With  lower  vol tage  the  gain 

decreases  , b u t   t h e   c o n t r a s t   i n c r e a s e s .  

RAS 
VRMS No. 
Vmax 

1542 300 

1626 250 

164 8 

170  1666 

120 

TABLE 11. DELIVERED RAS-s AND THEIR MAXI" VOLTAGE RATINGS 

The maximum vol tage   on   the   Be-subs t ra te   pane l  (RAS-1656) is  about  120 VRMS. 

4 



3. CONSTRUCTION  OF  RADIOGRAPHIC  AMPLIFIER  SCREENS 

The s o l i d  s ta te  rad iographic   conver te r  is a t h i n   f l a t   s c r e e n ,  

cons t ruc t ed  by  sandwiching a photoconductive (PC) and  an  electro- 

luminescent  (EL) layer   between two e l e c t r o d e s  as shown i n   F i g u r e  1. The 

semiconduct ive  f i lm  and  the  black  layer   between  the PC and EL l a y e r s  

are of secondary   impor t ance :   t he   f i r s t   f o r   p rov id ing  ohmic c o n t a c t   t o  

t he  PC laver .   the   second for e l imina t ing   op t i ca l   f eedback .  

Transparent 
/Au Layer 

t Bout i% EL Layer 

Black Layer 

Semiconductor 
Fi Im 

FIGURE 1. CONSTRUCTION OF A PC-EL SANDWICH TY?E IMAGE CONVERTER 

The electrodes  of   the   sandwich are t ransparent   to   x-rays  on 

t h e  PC s i d e  and t o   v i s i b l e   l i g h t  on t h e  EL s i d e .  The PC l a y e r  is 

5 



sensitive to   t he   i nc iden t   x - r ays ,  i .e .  i ts  r e s i s t a n c e   d e c r e a s e s   w i t h  

inc reas ing   x - r ay   i n t ens i ty .   P ro jec t ing   an   x - r ay   pa t t e rn   on   t he  PC l a y e r  

causes  a v i s i b l e  image  of  the same s i z e   t o   b e   d i s p l a y e d   o n   t h e  EL l a y e r .  

An AC vo l t age   connec ted   t o   t he  two e l e c t r o d e s  is r e q u i r e d   f o r   t h e   p r o p e r  

func t ion ing  of the   conve r t e r   s c reen .  

Consider ing  one  e lement   of   the   radiographic   converter ,   one 

sees t h a t ,   e l e c t r i c a l l y ,   t h e  PC element is connec ted   i n  series wi th   t he  

EL element.  (The semiconductive  and  black  elements are ve ry   t h in ,  

consequently  they  have  very low  impedances  and  do  not  appreciably  in- 

f l uence   t he  e lectr ic  c i r c u i t r y ) .  When t h e  PC element is n o t   i r r a d i a t e d  

and i t s  impedance i s  many times h i g h e r   t h a n   t h a t   o f   t h e  EL element,   most 

of t he   vo l t age  w i l l  be   ac ross   t he  PC s ide .   Consequent ly ,   the   vo l tage  

ac ross   t he  EL element w i l l  b e   l o w ,   r e s u l t i n g   i n  a very  low  br ightness .  

When t h e  PC element is exposed  to  x-rays i t s  r e s i s t a n c e   d e c r e a s e s ,  

r e s u l t i n g  i n  a h ighe r   vo l t age   and   h ighe r   b r igh tness  on t h e  EL element.  

F igure  2 shows t r a n s f e r   c h a r a c t e r i s t i c s   ( o u t p u t   b r i g h t n e s s   v s .  

i n p u t   i r r a d i a t i o n )   o f  a l i g h t   s e n s i t i v e  PC-EL image i n t e n s i f i e r   f o r  

d i f fe ren t   cons t ruc t ions   o f   the   ampl i f ie r   sc reen ,   where   the   capac i tance  

r a t i o   o f   t h e  EL element (CEL) t o   t h e  PC element (Cpc) is  d i f f e r e n t .  

No t i ce   t he   l a rge   s lope   o f   t hese   t r ans fe r   cha rac t e r i s t i c s ,   co r re spond ing  

t o   h i g h   c o n t r a s t   s e n s i t i v i t y .  I f  t h e   c a p a c i t a n c e   r a t i o  CEL/Cpc of  the 

sc reen  is  made l a r g e r ,   t h e   c o n t r a s t  w i l l  b e   g r e a t e r  and the  background 

br ightness   lower .  

6 



FIGURE 2 .  CALCULATED TRANSFER.CHARACTERISTICS OF PC-EL  IMAGE 

INTENSIFIERS WITH DIFFERENT CAPACITANCE RATIOS. 

I f  t h e   c h a r a c t e r i s t i c s  of t h e  PC and EL elements are known 

s e p a r a t e l y ,   o n e   c a n   c a l c u l a t e   t h e   a p p r o x i m a t e   t r a n s f e r   c h a r a c t e r i s t i c s  

of t he  PC-EL sandwich. 

The fo l lowing   equat ion   descr ibes   the   cur ren t  (I) dependence of 

7 



t h e  PC e l e m e n t   i n  i t s  usefu l   range   f rom  the   i l lumina t ion  (L) and  the 

a p p l i e d   v o l t a g e  (V,) : 

I = C  (Cd + L") Vlm 
0 

where m, n ,  are c o n s t a n t s   f o r  a g iven  PC cel l  and   cha rac t e r i ze  

its opto-e lec t ronic   behaviour .  From equa t ion  (1) , the  conductance  (g ) 

of  the PC element is: 

0' d 

1 

The b r i g h t n e s s  (B) vs. vo l t age  (V ) dependence a t  a frequency 2 

( f )   o f   t h e  EL element is g iven  by the   equat ion:  

a -q 
B = B f  e 

0 

where a, Bo, A are c o n s t a n t s   f o r  a g iven  EL pane l .   Other   da ta   needed  

f o r   t h e   c a l c u l a t i o n   o f   t h e   t r a n s f e r   c h a r a c t e r i s t i c s   o f   t h e  PC-EL amplifier 

sc reen  are : 

C the   capaci tance  and g the  conductance  of  the EL element 2  2 
c2 and p = - , t h e   c a p a c i t a n c e   r a t i o  of t h e  EL t o   t h e  PC element.  If t he  

susceptances   o f   the  PC and EL elements are S = WC1 and S2 = WC2 res- 

pec t ive ly ,   and   t he   d r iv ing   vo l t age  on the  sandwich is  V t h e   v o l t a g e s  

V and V2 are given by equat ions  ( 4 )  and (5) : 

1 

0, 

1 
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2  2 
g1 + Sl 

and   t he   b r igh tness  of t h e   a m p l i f i e r   s c r e e n  can be   ca l cu la t ed   f rom  equa t ion  

( 3 ) .  The s l o p e  o f   t h e   t r a n s f e r   c h a r a c t e r i s t i c   c u r v e  

can   be   ca l cu la t ed  a l so  through a qui te   compl ica ted   formula .   In   the  case 

of m = 1, = 0 and  g2 = 0 ,  t h e  maximum s l o p e  of t he   t r ans fe r   cha rac -  

ter is t ic  c u r v e   a l s o   c a n   b e   c a l c u l a t e d  by a not  extremely  complicated 

formula. 

d 

Based on  the  above  equations a computer  program was w r i t t e n  i n  

FORTRAN language  and a parameter   s tudy o f  t h e  PC-EL sandwich was made i n  

a previous  program  supported by the   Naval   Tra in ing  Device Center.  

The t r a n s f e r   c h a r a c t e r i s t i c s  shown i n   F i g u r e  2 were cons t ruc ted   f rom  the  

paramet r ic   and   empir ica l   da ta .  

(4 -5 )  
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1 3 .  

4 .  FABRICATION  PROCEDURE FOR RADIOGRAPHIC AMPLIFIER  SCREENS 

Pane l   Fab r i ca t ion  

Subs t r a t e   P repa ra t ion :  

a. Etch   of f   about  1/8" wide   band   of   the   t in -oxide   coa t ing   on  two 
o p p o s i t e   s i d e   o f   t h e   s u b s t r a t e   g l a s s   ( S c h o t t  Tempax o r   Corn ing  
Pyrex   wi th   t in -oxide   coa t ing) .  

b .   C l e a n   t h e   g l a s s   s u b s t r a t e  as d e s c r i b e d   i n   P a r t  B below. 

P repa ra t ion   o f  CdSe-CdS powder.  See  Part C below. 

S e t t l i n g   o f   t h e  PC powder.   See  Part  D below. 

S i n t e r i n g .  S e e  P a r t  E below. 

Clean up on two appos i te   s ides ,   where   the   t in -oxide   coa t ing  was 
no t   e t ched   o f f   abou t  1/8" wide  band of  t h e  PC 1-ayer. 

Evaporate  1.4g CdSe a t  18 i n c h   d i s t a n c e   i n   h i g h  vacuum on  top  of 
t h e   s i n t e r e d  CdSe l a y e r .  

Spray 2 l a y e r s   o f  5% Ucilon  Whiten Type 400-9. 

Bake i n   f o r c e d  a i r  oven a t  100°C (212'F) f o r  30 minutes .  

Brush 2 l a y e r s   o f  25% Ucilon White on 2 edges   above   the   e tched   t in -  
oxide.  

Repea t   s tep  8. 

Spray 5 o r  6 l aye r s   o f   g reen  EL phosphor,  Westinghouse  type VB-242Py 
and 3 l a y e r s   o f  clear c o a t   ( s t e p s  1 t o  6 of P a r t  F) us ing   mix tures  
1 t h e n  2.  

Brush 3 l ayers   o f   Uci lon   on  2 edges   above   t he   e t ched   t i n   ox ide .  

Bake a t  100°C (212'F) f o r  30 m i n u t e s   i n   f o r c e d  a i r  oven. 

* Made by M&T Chemicals,   Inc. ,  Rahway, New J e r s e y  

10  



14. Apply Emerson-Cuming V-91 s i l v e r  epoxy  with  rubber   pad  appl icator  
t o  the two opposing  Ucilon  coated  edges.   Attach  lead wires to  one 
of  these  edges  and  one t o  the  open  t in-oxide  edge  with  the s i lver  
epoxy 

15. Bake a t  135OC (275'F) fo r   15   minu te s .  

16 .   Evapora te   top   t ransparent   go ld   e lec t rode  PbO + Au ( s t e p  7 of   Pa r t   F ) .  

1 7 .  P r e t e s t .  

a. S e n s i t i v i t y  
b .  T i m e  response 
c .   Imper fec t ions ,   spo t s ,   b r igh t   edges  

18. Spray several coa t s   o f   Kry lon   c rys t a l  clear sp ray   coa t ing ,  Type 1302, 
on  top  of   gold  layer .  

19 .  Bake p a n e l   f o r  30 minutes a t  8OoC (17G°F). 

20.  Apply  about  50g  (for 8" x 10" panels)   of  Emerson-Cuming No. 1266 
epoxy t o   t h e   c e n t e r   o f   t h e   c o a t e d   s u b s t r a t e .  

21 .  Place  a p rec i se ly   cu t   cove r   g l a s s   aga ins t   t he  epoxy  on  top o f  
s u b s t r a t e   a n d   c a r e f u l l y   a l i g n .  

22. Wipe excess  epoxy  from  edges as i t  squeezes  out  and  apply a f l a t  
s teel  p la te  on  top  of   cover   glass  as a weight,  heavy  enough  to  hold 
c o v e r   g l a s s   p a r a l l e l   a n d   n e a r   t h e   p a n e l   d u r i n g   c u r e .  

23. Allow t o   c u r e  a t  room tempera ture   for  16 hours  and remove excess  
epoxy wi th   r azo r   b l ade ,   t ak ing   ca re   no t   t o  damage e l e c t r o d e s .  

B.  Glass Subs t r a t e   C lean ing  

1. Mechan ica l ly   c l ean   g l a s s   subs t r a t e   w i th   ve ry   f i ne  CaCO - water paste. 

2 .  Wipe o f f  CaCO powder  under  copious water flow. 

3. P l a c e   g l a s s   i n  a beaker  o f  deionized  water dependent upon t h e   s i z e  

3 

3 

of   the   p iece   and   r inse   thoroughly  by overflow. 

4 .  D r a i n   o f f   t h e . r i n s e  water t o   a l l o w   i n t r o d u c t i o n  of  approximately 
5-10% water so lu t ion   o f   each  of formic  acid  and  hydrogen  peroxide.  
The f o l l o w i n g   s o l u t i o n  w a s  genera l ly   used:  

1250 cm water 
3 

3 
3 100 cm fo rmic   ac id  

250 c m  hydrogen  peroxide 
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5.  

6 .  

7. 

8. 

C. 

1. 

2 .  

3 .  

4.  

5.  

6. 

7. 

8. 

9 .  

D .  

1. 

Heat t h i s   s o l u t i o n   t o   t h e  7O-8O0C (160-175'F) r agge ,   be ing   ca re fu l  
. no t   t o   a l l ow  the   t empera tu re   t o   exceed  8OoC (175 F) . When over  
75OC (168'F) has   been  reached,  remove t h e   b e a k e r   f r o m   t h e   h o t   p l a t e  
and   a l low  to  react a t  least f o r  30 minutes.  The tempera ture  w i l l  
m a i n t a i n   i t s e l f   f o r   t h i s   p e r i o d   i n  a use fu l   r ange .  A t  the   end  of  
t h i s  time overf low  deionized water r i n s e   f o r  30 minutes.  

U l t r a s o n i c a l l y   c l e a n   i n   d e i o n i z e d  water f o r  5 minutes.  

U l t r a s o n i c a l l y   c l e a n   i n   e l e c t r o n i c   g r a d e   i s o p r o p a n o l   f o r  5 minutes.  

Place g la s s   p i ece   above   bo i l i ng   i sop ropano l ,   where  i t  w i l l  hea t   up ,  
When t aken   ou t  i t  dr ies   immediately.  

P repa ra t ion   o f  CdSe-CdS Powder 

Weigh 90 grams of CdSe and 10 grams CdS powder (G.E. e l e c t r o n i c  
grade)  and  mix i t  i n  a Pyrex  beaker .  

P l a c e   t h e  well mixed  powder i n  a quar t z   boa t   and   hea t  i t  slowly 
in   n i t rogen   a tmosphe re   un t i l   t he   t empera tu re   r eaches  1075 C (1966'F). 
Bake i t  f o r  30 minutes a t  th i s   t empera ture   and   cool  down s t i l l  i n  
ni t rogen  a tmosphere.  

0 

Grind  the material in   d i amon i t e   mor t a r .  

P l a c e   t h i s  material i n  a beaker  and mix t o  i t  400 mg o f   h i g h   p u r i t y  
selenium  powder. 

Weigh 4 gram of  dry CdCl and  500 mg NH4C1,  d i s s o l v e  them i n   a b o u t  
20 m l  de ionized  water an3   add   t o   t he  powder mixture .  

Mix a 1% water so lu t ion   (by   we igh t )   o f  CuCl + 2 H 2 0  (F i she r  
C e r t i f i e d )  , and  add 2.5 m l  s lowly   t o   t he  Cdge-CdS mixture  under 
c o n s t a n t   s t i r r i n g  . 
Dry t h i s   m i x t u r e   i n   a n  80 C oven. 

Prebake  the powder mixture  a t  54OoC (1004OF) f o r  90 minutes i n  a 
qua r t z   d i sh   w i th  a c o v e r   i n  a i r  atmosphere. 

0 

After   cool ing . ,   g r ind   the  material i n  a diamonite   mortar .  

S e t t l i n g   o f  PC Powder 

Weigh about  68 grams  of t he   p repa red  CdSe-CdS powder, t r a n s f e r  i t  
t o  a c e r a m i c   b a l l   m i l l i n g  jar ,  mix about 100 m l  Xylene  with i t  and 
b a l l  m i l l  f o r   n ine t een   hour s .  
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2. Place t h e   s u b s t r a t e   g l a s s   p l a t e s   i n  a p e r f e c t l y   h o r i z o n t a l   p l a n e  
at the  bottom  of a 12" x 12" g l a s s  jar. 

3. F i l l   t h e  jar  wi th  a 1 .0%  e thy l   ce l lu lose  Xylene  so1ut;ion ( f i l t e r e d  
through a 8 pm s i ze  M i l l i p o r e   f i l t e r )   t o   a b o u t  4" height   above   the  
s u b s t r a t e   g l a s s e s .  

4 .  P o u r   t h e   b a l l   m i l l e d  PC m i x t u r e   i n   t h e   s e t t l i n g  jar  and l e t  i t  
se t t le  u n t i l   t h e   X y l e n e  clears up (about 2 hour s ) .  

5. Siphon of f  cushion  and l e t  pane l   d ry   i n   t ank  10 t o  1 6  hours .  

6. Remove panel   f rom  tank   and   t ransfer   to   forced  a i r  oven  and  bake a t  
80°Co(1760F) fo r   ha l f   an   hour .   Inc rease   t he   t empera tu re   t o  135 C 
(275 F) and   bake   fo r   an   add i t iona l   ha l f   hour .  

0 

E. 

1. 

2. 

3.  

4 .  

5. 

6 .  

F. 

S i n t e r i n g  of PC Layer 

P lace   pane l  on a Vycor p la te  and  cover  with a pyrex   d i sh .  

Bake i n  a furnace  of 535OC (995'F) f o r  70 minutes   (a i r   a tmosphere) .  

Turn  the Vycor p l a t e   w i t h   t h e   p a n e l  180° and  bake  an  addi t ional  
20 minutes .  

Remove panel   f rom  furnace  and  a l low  to   cool   under  a s t r o n g   a i r f l o w  
on the   py rex   d i sh .  

P l a c e   t h e   p a n e l   i n  a 190°C (374'F) furnace   (a i r   a tmosphere)  and a g e  
fo r   16   hour s .  

Cool the   panel   under  room l i g h t .  

EL Layer   Prepara t ion  

The EL l a y e r s  were depos i ted  by spray   coa t ing .  A "deVilbiss"   type EX 
spray  gun wi th   suc t ion   f eed  and a pressure   o f  18 p s i  n i t rogen  was normally 
used. 

The schedu le   o f   t he   p repa ra t ion   o f   t he  EL l a y e r  w a s  the  fol lowing:  

1. Spray a layer   o f   spray   mix ture  No. 1 (see below)  onto  the  sub- 
s t ra te .  The l aye r   shou ld   be  good and w e t  bu t   no t   running .  

2 .  L e t  t h e   l a y e r  a i r  d r y   f o r  a minu te   o r  two and  bake i t  i n  a forced  
a i r  furnace  a t  135OC (275OF) f o r  10 minutes.  

13 



3. 

4 .  

5. 

6 .  

7. 

Repea t   s teps  1 and 2 t h r e e   t o   f o u r  times so  t h a t   a l t o g e t h e r   f o u r  
t o   f i v e  EL l a y e r s  were sprayed ,   g iv ing   about  8 mg/cm2 coa t ing .  

Bake f o r  30 minutes   ins tead   of  10 p e r  2 above, a f t e r   t h e   s p r a y i n g  
of t h e  l as t  l a y e r .  

Spray a t h i n   l a y e r  ( 3  t o  4 l2yers )   o f  clear coat   (mixture  No. 2) 
(weight  about 0.6 t o  1 mg/cm ) on  top   o f   the   phosphor   l ayer   for  
i n c r e a s e d   e l e c t r i c   s t r e n g t h  and  smoother  surface.  

Give a f i n a l   h e a t   c u r e   o f  30 minutes a t  135OC  (375'F) . 
Evaporate a semi- t ransparent   conduct ive  lead-oxide  and  gold  f i lm 
i n   h i g h  vacuum on  top  of   the  sprayed  layers .   With a s u b s t r a t e   t o  
b o a t   d i s t a n c e   o f  18 inches ,  64 mg of PbO i s  e v a p o r a t e d   f i r s t ,  
followed by the   evapora t ion   o f   t he  Au. Latter evapora t ion  is 
monitored by measu r ing   t he   r e s i s t ance   o f   t he   depos i t ed   l aye r   on  a 
mic roscope   s l i de  o r  by  using a q u a r t z   c r y s t a l   t h i c k n e s s   m o n i t o r .  
The evapora t ion  is stopped when t h i s   r e s i s t a n c e  on  the  microscope 
s l i d e  is  about  50  ohms/square  or  the  frequency  change  on  the 
thickness   monitor  is about 700 Hz. 

Composition  of  spray  mixtures: 

1. Phosphor-plast ic   spray  mixture:  

36g Westinghouse VB-242P EL phosphor 
90 ml 5% so lu t ion   o f   cyanoe thy l   s t a r ch  (CS) * *+ 
90 ml 5% solu t ion   of   cyanoethyl   sucrose  (CES) 

P las t ic  so lu t ions   (5%)  

40g p l a s t i c  (CS o r  CES) 
220 m l  dimethyl  formamide (DMF) 
580 m l  a c e t o n i t r i l e  

2. Clear coa t :  

1:l mixture  of 5% CS and  5% CES solut ions  (see  formula  above) .  

>: 
Sold by  Eas tman  Kodak  Co, Rochester,  N . Y .  

Sold  by  Techwest  Enterprises  Ltd,  Vancouver BC,  Canada. 
+ 
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5. DISCUSSION AND RECOMMENDATIONS 

As i t  w a s  d i s c u s s e d   i n   S e c t i o n  2 o f   t h i s   r e p o r t ,   t h e   d e l i v e r e d  

panels  more o r  less a p p r o a c h e d   t h e   r e q u i r e d   c h a r a c t e r i s t i c s ,   e x c e p t i n g  

the   r e so lu t ion .   Fu r the rmore ,   t he   image   qua l i t y   o f   t he  RAS on   t he  B e  

s u b s t r a t e  w a s  n o t   s a t i s f a c t o r y .  

Concern ing   the   reso lu t ion ,   one   could  meet o r   s u r p a s s   t h e  

r e q u i r e d  500 R/ in   r e so lu t ion   w i th  a similar PC-EL t y p e   a m p l i f i e r   s c r e e n  

as t h e   s i n t e r e d  powder c o n s t r u c t i o n ,   b u t  with evapora t ed   t h in  film PC and 

EL components. Some e x p e r i m e n t a l   w o r k   h a s   b e e n   c a r r i e d   o u t   i n   t h i s  

f i e l d  by  West inghouse  several   years   ago.   Evaporated PC f i lms  have  been 

fabr ica ted   and   evapora ted  EL fi lms  have  been  developed. Continuing 

t h i s  work s h o u l d   r e s u l t   i n   a m p l i f i e r   s c r e e n s   w i t h   h i g h l y  improved 

c h a r a c t e r i s t i c s .  However a ma jo r   e f fo r t   wou ld   be   needed   fo r   success fu l  

completion of t h i s  program. 

4- / 

Concerning  the B e  s u b s t r a t e   a m p l i f i e r   s c r e e n s  i t  is  thought 

t ha t   t he   p rob lems   cou ld   be   so lved   success fu l ly  by a moderately small 

e f f o r t .  A series o f   e x p e r i m e n t s   w i t h   d i f f e r e n t   d i e l e c t r i c   c o a t i n g   o f   t h e  

Be p la t e   and /o r   chang ing   t he  PC doping materials s h o u l d   r e s u l t   i n   a c c e p t -  

a b l e   c h a r a c t e r i s  t ics .  

Another way f o r   d e c r e a s i n g   t h e  loss of   the  low energy  x-ray 

photons,   would  be  to   bui ld   the PC-EL sandwich i n   a n   i n v e r s e   o r d e r :  

d e p o s i t   f i r s t   t h e  EL l a y e r  on a g l a s s   subs t r a t e   and   above  i t  t h e  PC l a y e r .  
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I n   t h i s   c o n s t r u c t i o n  a v e r y   t h i n  (less than  100 pm th i ck )   g l a s s   cove r  

above  the PC l aye r   cou ld   be  enough f o r   p r o t e c t i o n   a g a i n s t   h u m i d i t y ,  

g iv ing  rise t o  a very small l o s s   f o r   e v e n  less than  5 keV x-ray  photons. 

Some p r o b l e m s   a n d   l i m i t a t i o n s   e x i s t   i n   t h i s   a p p r o a c h ,   b u t  a 

medium s i z e   e f f o r t   c o u l d   r e s u l t   i n   a c c e p t a b l e   c h a r a c t e r i s t i c s .  

6 .  CONCLUDING REMARKS 

A f a b r i c a t i o n   p r o c e d u r e  w a s  d e s c r i b e d   f o r   r a d i o g r a p h i c   a m p l i f i e r  

s c r e e n s  (i.e., r ad iog raph ic   image   t r ansduce r s )   hav ing   t r ans fe r  character- 

ist ics s u i t a b l e   f o r   u s e   i n  a c l o s e d - c i r c u i t   t e l e v i s i o n  X-ray i n s p e c t i o n  

system. The dev ices   desc r ibed   he re in   cons i s t   o f   pho toconduc t ive   and  

e l ec t ro luminescen t  (PC-EL) layers   formed on a p p r o p r i a t e   s u b s t r a t e s .   I n  

t h i s  work t h e   s u b s t r a t e s   i n v e s t i g a t e d  were glass   and   bery l l ium.  The 

g l a s s   s u b s t r a t e   d e v i c e s  were s u c c e s s f u l   i n   m e e t i n g   t h e   g e n e r a l   r e q u i r e -  

men t s   o f   t he   con t r ac t   spec i f i ca t ions .  More  work w i l l  b e   r e q u i r e d   t o  

overcome the   l ow  qua l i t y  of the   images   p roduced   wi th   bery l l ium  subs t ra tes .  

Methods f o r   a c h i e v i n g   o r   s u r p a s s i n g   t h e   t a r g e t   r e s o l u t i o n  of 500 l i n e s  

pe r   i nch  were i n d i c a t e d .  
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1/4-in. Al filter - - - No filter 

Figure 3. - Transfer  characteristics of RAS-1542. Driving voltage, 
300 volts; frequency, 60 hertz. 
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4 1/4-in. Al filter 

- - 1/4-in. AJ. filter DuPont CB-2 
- - - No filter 1 
- - - No filter  screen 

Radiation,  R/min 

Figure 4. - Transfer  characteristics of RAS-1626. Driving  voltage, 
250 volts;  frequency, 60 hertz. 
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Figure 6. - Transfer  characteristics of US-1666. Driving  voltage, 150 volts; 
frequency, 60 hertz;  1/4-inch aluminum f i l t e r ;  X-ray voltage, 70 kilovolts.  
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